The present study was designed to determine the effects of supplemental fat or oil rich in oleic acid on the fatty acid profiles (FAP) and physical and sensory traits of pork carcasses. Sixty barrows and gilts were equally dismbuted among five dietary treatments consisting of a control diet of corn and soybean meal and four similar test diets that contained 10% animal fat (45.3 oleic), safflower oil (72.1 oleic), sunflower oil (80.9 oleic) or canola oil (57.7 oleic). The pigs were slaughtered after being fed these diets for 90 d at about 100 kg live weight. Carcass traits, FAP and sensory properties were evaluated for each treatment. First-rib fat thickness, ham muscling score and longissimus muscle areas were not different ( P < .OS), but last-rib fat thickness was increased (P < .05) with the supplemental dietary fat or oils. No differences existed for marbling scores, lean color, firmness or texture scores between the controls and pigs supplemented with either animal fat or safflower oil. However, pigs supplemented with sunflower or canola oil had lower marbling scores, lean color, firmness and texture scores. Fat became softer and more oily (P < .OS) with the supplemental dietary safflower, sunflower and canola oils. Sensory evaluation (loin chops) showed no differences (P < .OS) in sustained juiciness, tenderness or flavor intensity evaluations among treatments. However, the pigs fed canola oil had lower (P e -05) flavor quality scores or overall palatability evaluations. Chops from the pigs fed canola oil also had 46% more off-flavors than all other treatments. Canola oil proved unacceptable as a method of increasing oleic acid levels in pigs. Other oils significantly increased oleic acid and decreased palmitic acid content of lipid adipose deposits and longissimus muscle.
Introduction
Large segments of the medical profession would be more receptive to meat products that contain a greater portion of unsaturated fat 'Mention of trade name, propriety product or specific equipment does not constitute a guarantee or warranty of the product by 'Ihe University of Georgia and does not imply approval to the exclusion of other products that may also be suitable.
' 80632. (Pinckney and Pinckney, 1973) . Consequently, saturated fat may develop ultimately as the chief diethealth issue in regard to meat consumption. The consumption of saturated fatty acids has been shown to increase plasma LDL-cholesterol in humans (Mattson and Grundy, 1985) , and the resulting increase in LDL-cholesterol has been correlated with coronary heart disease. Grundy (1986) reported that diets high in high-oleic safflower oil lowered the levels of plasma cholesterol in humans. Therefore, replacing saturated with monounsaturated fat in the diet could lower plasma cholesterol in humans.
The most practical method for increasing monounsaturates is to modify the dietary regimen of meat-producing nonruminant animals. Nonruminant animals are very susceptible to tissue fatty acid alteration through dietary modification. One previous study conducted by St. John et al. (1987) demonstrated that the amount of oleic acid was increased when pigs were fed 20% canola oil; however, because the carcasses were oily, they were unacceptable for bacon production. Replacing 10% of the diet with canola oil also tended to increase carcass oleic acid without decreasing quality parameters. New high-oleic oils have been developed from sunflower (85% oleic) and safflower (75% oleic). Studies need to be conducted to determine whether 10% levels of these oils will increase incorporation of oleic acid into pork muscle and adipose tissue without adversely altering carcass quality. Therefore, the obpctives of this study were to determine the effects of added sources of dietary oleic acid on the amount of oleic acid deposited in muscle and adipose tissue and on carcass properties, fatty acid profiles and sensory characteristics.
Materials and Methods
Sixty barrows and gilts (sex, litter and breed were balanced within each treatment) were equally dismbuted among five treatments (12 pigs/treatment) consisting of a control diet (corn and soybean meal) and four test diets that contained 10% animal fat, safflower 0i13, sunflower oil4 or canola oil5 (Tables 1 and 2 (Table 1) . Upon reaching approximately 60 kg of live weight, the animals were switched to the finishing diet (Table 2 ) for the duration of the feeding trial.
Within each age group, test diets were made equal in lysine content as a percentage of DM by altering the c0rn:soybean meal ratio. No attempt was made to balance the caloric intake among the test diets because the primary purpose of this investigation was to modify fatty acid composition: dterations in growth rate or feed efficiency were not of primary interest. The test oils (Table 3 ) used in this study were chosen because of their high oleic acid content and their relatively low amounts of unsaturated fatty acids that will result in carcasses that are soft, oily and inferior in carcass quality (Table 3) . However, past research by St. John et al. (1987) has shown canola oil is high in both oleic and polyunsaturated fatty acids. Upon completion of the feeding trial, the pigs were slaughtered at approximately 100 kg live weight (90 d on mal) at a local slaughter facility and chilled overnight at 2°C f 1°C. Quality and yield characteristics of each carcass were recorded 24 h postmortem (National Pork Producers Council, 1983) . Carcasses were transported to the University of Georgia Meat Lab; oiliness and firmness of the carcasses were scored using a 5-point rating scale (5 = no oil or extremely firm and 1 = extremely oily or soft). Carcasses were evaluated by trained carcass evaluators from the Animal Science Department Meats and Muscle Biology section.
Samples were removed during carcass fabrication (48 h postmortem) for fatty acid profile analysis. These samples were taken from the longissimus muscle, the overlaying subcutane- PPercentages reponed on an as-fed basis.
ous fat from the 8th to the 13th ribs, the seam fat from the shoulder and the perirenal fat.
Chops (2.5 cm thick) from the longissimus muscle were removed from the loins of each carcass at 48 h postmortem, wrapped and frozen (-2o'C) for sensory panel and objective texture determinations. Three chops from each animal were cooked to an internal temperature of 70°C on Farberware Open Hearth broiled. Internal temperature was monitored by a copper/iron thermocouple probe placed in the geometric center of each chop. The temperature and rate of c o o h g were monitored and recorded using a Molyteck (Model 3702) potentiometer. Thaw loss, cooking loss and total weight loss were determined for all chops. Upon reaching the desired temperature, the chops were removed and sectioned into uniform pieces (1.3 x 1.3 x 1.9 cm) and served warm (approximately W C ) to an eightmember trained sensory panel. The sensory panel was selected and trained according to the procedures outlined by Cross et al. (1978) . An eight-member panel evaluated each chop for initial and sustained juiciness, tenderness, flavor quality, flavor intensity, and overall palatability and the percentage of taste panelists detecting off-flavors. The rating scales used were 8 = extremely juicy, tender, flavorful, intense or palatable and 1 = extremely dry, tough, unflavorful. bland or unpalatable. This panel had been trained to evaluate pork chops previously. When all members of the panel were comfortable with the use of the rating scales and ratings were in close agreement, the sensory panel evaluation Chops were cooked as described previously for the sensory analysis and sampled for texture profile analysis and Warner-Bratzler and Allo-Kramer shear-force values. After cooling to room temperature, six 1.3-cm cores were removed parallel to the longitudinal orientation of the muscle fibers of the longissimus muscle and sheared in the center of each core. The textural variables of the test samples were measured by attaching a Warner-Bratzler and Allo-Kramer shear attachment to the Instron Universal Testing Machine (Model #1122)7 equipped with a Microcon computer. The fail criterion was set at 75% and the crosshead speed at 5 cm/min. Peak energy, peak load, peak elongation, fail energy, fail load and fail elongation were determined to calculate all of the textural parameters.
Fatty acid profiles were conducted on duplicate samples of all adipose and muscle tissue from each of the pork carcasses. These samples were homogenized completely in a blender and were taken from the 454-g began. eMarbling scores based on a 10-point scale where 4 = modest and 3 = small. fS-point scale (5 = dark red, 1 = pale white; 5 = extremely firm. I = exaemely soft; 5 = extremely fine, 1 = extremely course; 5 = no oil, 1 = extremely oily; 5 = extremely firm. 1 = extremely soft).
samples removed from each tissue and muscle location. The samples (1 g) were homogenized in chloroform-methanol; the neutral lipids were extracted using a modified procedure of Folch et al. (1957) . The extracted lipids were converted to methyl esters according to Sharpierco (1975) and analyzed for individual fatty acids (C12:O and C22:3) using a Hewlett Packard (Model #824) gas chromatograph packed with Sp-12008 on a Supelco column. The inlet temperature was 1 6 5 T the column temperature was 140'C and the detector (flame ionization) temperature was 175°C. The flow rate of the carrier gases (hydrogen and oxygen) were 12.5 ml/min and 350 ml/min, respectiveBacon from each of the treatments and a sample of the test oils and animal fat were transported (packed with dry ice) to the USDA/ARS Southern Regional Research Laboratory (New Orleans, LA) for flavor profile analysis. Direct sampling gas chromatography was used for determining capillary volatile profiles of the bacon and test oils following the procedure of Dupuy et al. (1985) .
An analysis of variance (Steel and Tome, 1980) (1985) . Type of oils supplemented into the diet was used as the main effect (independent variable); pigs were assigned randomly to each oil treatment and blocked by group. When the main effect was significant, means were separated using the Student-Newman-Keuls test (Montgomery, 1984) .
Results and Discussion
First-rib fat thickness, ham muscling score and longissimus muscle areas were not different (P < .05) among pigs fed different dietary treatments (Table 4) . These results agree with those reported previously by St. John et al.
(1 987). Last-rib fatness measurements were increased (P < .05) with the supplementation of animal fat and high-oleate oils to the diet. The increased energy supplied by fat additions to the diet resulted in an increased deposition of adipose tissue in oil-supplemented pigs. Effects were similar for fat thickness measurements taken at the last lumbar vertebrae and both 10th rib measurements taken at one-half and three-fourths of the distance of the longissimus muscle. The control pigs had less (P c .05) fat opposite the last lumbar vertebra marbling scores and lean color, firmness and texture scores than the control pigs did. Ratings for fat firmness and oiliness of the carcasses did differ among the three high-oleic oils (safflower, sunflower and canola) into the diet, but fat was softer and more oily than of those fed control or animal fat diets. These results were expected because of the lower melting points of the unsaturated fats relative to those of saturated fat. These results also agree with those reported by St. John et al. (1987) . The decreased fat firmness and increased oiliness scores of these carcasses can be attributed to the increased levels of unsaturated fats, which have melting points below -12'C. Triolein has a melting point of approximately4"C at cooler processing temperatures, it should be solid and acceptable for further
processing. Yet, the amount of unsaturated fatty acids present in supplemented oils should be important in determining the quality of carcasses used for the production of bacon, ham and sausage. The carcasses from the three high-oleic oil treatments were less (P < .05) f m than the carcasses from the pigs supplemented with animal fat (Table 4) . Sensory-panel evaluations detected no significant differences in initial or sustained juiciness, tenderness or flavor intensity evaluations in meat from pigs fed diets supplemented with 10% animal fat or high-oleic oils (Rhee et al., 1988;  Table 5 ). Conversely, meat from pigs fed canola oil had lower (P < .05) flavor quality scores (rated "slightly unflavorful"). Similar differences were apparent for the overall palatability evaluations. Pork chops from the pigs fed canola-oil were rated "slightly unpalatable" and received 36% more off-flavor ratings than chops from pigs given any other treatment. These results indicate that canola oil may be unacceptable as a method of increasing the amount of monounsaturated fatty acids in pork; however, these results do not agree with the sensory panel evaluations reported by St. John et al. (1987) or Skelley et al. (1975) . Such off-flavors in chops from the pigs fed canola-oil can be linked directly to the derivatives of linolenic and inorteic acid. Capillary volatile profile analysis indicated that these off-flavors were due to derivatives 2-pentanol and 2,4-heptadienal. These existed only in pigs fed canola oil.
Thaw loss, cooking loss and total weight loss were not influenced (P > .OS) by dietary oil treatment (Table 6 ). Using Warner-Bratzler shear force values, we detected no difference (P > .OS) for peak energy, peak load or peak stress values as a result of feeding high oleic oils to growing-finishing swine. Conversely, the addition of animal fat to swine diets lowered (P c .OS) the force required for both peak load and peak stress values compared with pork chops from pigs fed the control and canola diets. Allo-Kramer shear values indicated that the pork chops from the pigs fed canola oil required more (P < .05) kilograms of force to shear than did pork chops from the control pigs or those fed animal fat or safflower oil. The variation that occurred within each treatment may have resulted in the similarity of the sunflower and canola oil treatments, which differed from the animal fat treatments. Textural profile analysis (Table 6) showed that values for recovery, hardness and chewiness were not different ( P > .05) among treatments. However, cohesiveness values were higher (P < .OS) for pork chops from the canola treatment than values for chops from the control, animal fat and sunflower oil treatments. The chops from the animal fat and canola oil treatments had higher (P < .05) stress values than chops from all other treatments. At present, this is the only texture profile analysis data reported on pork chops from pigs fed high levels of monounsaturated fat; therefore, it is difficult to determine the meaningfulness of these differences. However, pork chops from pigs fed the canola oil diet consistently were rated the highest for all textural variables. Possibly these chops had greater carmalization and hardening at the surface during the cooking process and, therefore, were harder to shear.
Fatty acid profiles of tissues from swine fed elevated levels of animal fat, safflower, sunflower and canola oils differed both in saturated and unsaturated fatty acid content ( Table 7) . Treatment effects on fatty acid profiles were similar for subcutaneous fat and intermuscular fat; therefore, these depots will be discussed concurrently. (Table 7) . Feeding the high-oleic sunflower oil elevated monounsaturated fatty acids in adipose tissue without increasing the levels of unsaturated fatty acids that result in the production of carcasses of low quality that are soft, oily and unsuitable for bacon production.
Perirenal fat had a greater (P < .05) amount of saturated fatty acids and a lower level of 18: c 1 than did fat from the other depots that were analyzed (Table 7) . The levels of oleic acid were increased (P c .05) with the addition of animal fat (40.5% of total), safflower oil (51.4%), sunflower oil (57.3%) and canola oil (45.6%) compared with the control (37.7%).
No differences (P > .05) were detected for the percentages of 14:0, 20:2, 20:3 and 20:4 in the longissimus muscle across all treatments ( Table 7 ). The degree of saturation was lower in the sunflower oil longissimus muscle (15:0, 16:O). The pigs fed sunflower or safflower oil produced pork chops that had higher levels of oleic fatty acids than the control. Feeding canola oil did not increase the level of oleic acid in the longissimus muscle. These results do not agree with those reported by St. John et al. (1987) . Perhaps this was because of the high level of polyunsaturated fatty acids that were present in our canola oil. Selective absorption of fatty acids of differing chain length and saturation probably reduced absorption and(or) deposition in the pigs fed canola oil. One important finding of this research was the reduction of the percentage of palmitic acid (16:O). Recent research indicated that palmitic acid may be a major contributor in the increase in cholesterol levels of humans (Bonamone and Grundy, 1988) . Thus, the reduction of this saturated fatty acid may be as important as the increase in the level of oleic acid in the reduction of cholesterol level in human serum and the resultant decreased incidence of coronary heart disease.
These changes in the oleic acid level of porcine adipose and muscle tissues will allow for the production of processed meat products that have elevated levels of monounsaturated fats and reduced levels of saturated fats (Shackelford et al. 1989) .
Implications
Composition of the diet can alter fatty acid composition of both the adipose tissue and muscle tissue of swine. The amount of oleic acid deposited in swine adipose tissues was increased by the addition of sunflower and safflower oils to the diet without adversely affecting carcass quality. The degree of polyunsaturation in these oils was sufficiently low to produce carcasses acceptable for processing by the meat industry. Consumption of monounsaturated fatty acids presumably will lower blood cholesterol levels and change the ratio of HDL and LDL cholesterol in human serum. Processed meats and whole muscle products produced from pigs fed in this manner will satisfy the needs of both the meats industry and the consumer and should result in products perceived as more healthful in the human diet.
